An important measure for climate change mitigation is reduction of energy use in buildings worldwide. In 2010 Skanska Sverige AB began designing an office building in the southern parts of Sweden, aiming towards a Net zero energy building (Net ZEB) balance. The construction work started in the middle of 2011.
Introduction
Reduction of energy use constitutes an important measure for climate change mitigation. Buildings today account for 40% of the world's primary energy use and 24% of the greenhouse gas emissions (International Energy Agency (IEA), 2011). The population and need for residential and non-residential buildings increases worldwide. Therefore, reduction of energy consumption and increased use of energy from renewable sources in the buildings sector constitute important measures required to reduce energy dependency and greenhouse gas emissions.
Today, the concept of Net zero energy buildings (Net ZEBs) is no longer perceived as a concept that can only be reached in a very distant future. A growing number of projects in the world, in different climates, show that it is possible to reach Net ZEB balance with technologies avail-able today on the market. Examples may be found in (Fachinformationszentrum, 2011; Lenoir et al., 2011; Musall et al., 2010; SHC Task40/ECBCS Annex52 IEA, 2011; Voss and Musall, 2011) .
In contradiction to autonomous Zero energy buildings (ZEBs), the Net ZEBs interacts with the energy infrastructure. Renewable energy generation covers the annual energy load. At a first glance, the "zero energy concept" seems simple and intuitive. However, there may be significant differences between definitions that seem similar. Relevant studies that investigate differences and try, to clarify the definitions may be found in (BPIE, 2011; Kurnitski et al., 2011; Marszal et al., 2010 Marszal et al., , 2011 Sartori et al., 2010; Sartori et al., 2012) . In the most recent of the studies (Sartori et al., 2012 ) a comprehensible framework is presented. The framework considers relevant aspects characterising Net ZEBs and may be used to define consistent (and comparable with others) Net ZEB definitions in accordance with country specific conditions. The presented framework was largely developed in the context of the joint IEA SHC Task40 In 2010, Skanska Sverige AB began designing an office building in the southern parts of Sweden, aiming towards Net ZEB balance, called "Väla Gård". The construction work started in the middle of 2011. The building was taken into use in the autumn of 2012. In the beginning of 2012 the Swedish Centre for Zero Energy Buildings (SCNH) published a revised definition of "mini energy house", passive house and zero-energy building (Sveriges Centrum fö r Nollenergihus, 2012) for the Swedish climate. In short; the Swedish definition of a zero-energy building demands the fulfilment of the Swedish passive house criteria, and that a weighted zero energy balance must be reached over a year based on import/export balance. Hence, it is a Net ZEB.
This study summarises the framework presented within the IEA SHC Task40/ECBCS Annex52 and the Swedish Net ZEB definition. Furthermore overall design ideas, constructions, installations and energy balance of the Net ZEB office are presented. The studied case investigates whether the building reaches the Net ZEB definition according to SCNH, discusses pros and cons in the Swedish definition of Net ZEB and proposes small clarifications and additions suggested for an updated version of the definition. The studied building is an office building. Hence, only the Swedish Net ZEB definition for non-residential buildings is addressed in this study.
Terminology and the balance concept of Net ZEB
In Fig. 1(left) , the terminology used and the link between them are presented. The Net ZEB balance is reached when the weighted supply meets or exceeds the weighted demand. The general strategy to reach a Net ZEB balance may be described as a two-step procedure: first, apply energy efficiency measures to reduce energy demand (e.g., passive house design principle). Secondly, generate energy to achieve the balance, Fig. 1(right) .The passive house design principle may be described as (Janson, 2010) :
Reducing thermal losses through the building and install/use a balanced ventilation system with a high system heat recovery efficiency. Minimise the need of electricity by installing energy efficient fans, pumps, appliances and lighting systems. Utilise solar energy, both for passive solar gains and as a source for domestic hot water production and local production of electricity. Measure and visualise the energy use in a user friendly and transparent way. Different aspects, recommended to be addressed within the Net ZEB framework (Sartori et al., 2012) based on load/generation; the building's energy demand compared to energy generation, no self-consumption evaluated, or import/export; energy flows to and from the building, passing the physical boundary. It shall be noted that the graphical presentation ( Fig. 1 right) of the two different balances will differ due to on-site energy self consumed and possible storage losses within the building if energy storage is used. 3.3. Energy efficiency -in addition to the Net ZEB balance, requirements may be set on energy efficiency, such as U-values of windows, air tightness etc. 3.4. Energy supply -there may be requirements on minimum share of the building's energy demand covered by renewable sources. Furthermore it may not be allowed to offset delivered electricity with exported heat, etc. 4. Temporal energy match characteristics 4.1. Load matching -evaluations/requirements of/onload matching may be set according to Eq. (1). 4.2. Grid interaction -evaluations/requirements of/ongrid matching may be set according to Eq. (2) and Eq (3).
Measurement and verification
In order to check that a building is in compliance with the definition, a procedure for calculations and/or measurements needs to be defined in order to verify the building.
Where g is generation, l is load, e is exported energy, d is delivered energy, i is the energy carrier and T is the evaluation period, year, month, week, etc.
The Swedish Net ZEB definition
The Swedish Net ZEB definition (Sveriges Centrum fö r Nollenergihus, 2012) is presented below according to the framework presented above:
1. Building system boundary 1.1. The Physical boundary is defined in accordance to the Swedish building regulations (Boverket, 2011) . Hence, in general, the physical boundary is the building itself. However, the physical boundary is enhanced to the building site for solar thermal (ST) collectors, PV panels and equipment that generate heating or cooling (e.g., usually different types of heat pumps or biomass boilers). The Swedish building regulations are not clear regarding how to account for wind mills and micro CHP plants on-site. However, the Swedish Net ZEB definition states that wind mills may be placed anywhere on the building site. 1.2. Balance boundary is also defined in accordance to the Swedish building regulations. Hence, energy used for heating, cooling and dehumidification, ventilation and humidification, hot water and permanently installed lighting of common spaces and utility rooms are included in the balance. Other services are not included in the balance (e.g., computers, copiers, TVs etc. 4. Temporal energy match characteristics 4.1. Load matching -no requirements. 4.2. Grid interaction -no requirements.
5. Measurement and verification. To enable verification of the energy performance, energy metering must be separated into heat and electricity. Electricity should also be separated into energy use included and excluded in the Balance boundary. Furthermore, consumption of hot water must be measured and operating hours for the building should be documented.
In addition to the requirements presented above, the Swedish Net ZEB definition requires:
1. Noise from ventilation system should not exceed sound class B, SS 025268 (Swedish Standards Institute, 2007). 2. Indoor temperature must be investigated through simulations. 3. If the ventilation system is designed for intermittent operation, the design should ensure that air filters are dry before shut down. 4. Specific fan power and energy consumption for ventilation, pumps, lighting, motors, control, monitoring equipment etc. This must be reported together with the presentation of the energy simulation. 5. Electricity consumption and internal heat gains from these should be calculated, documented and compared with reference values, defined in the Net ZEB definition (the defined boundary conditions). Institute, 2007b ). All calculations are based on internal areas. To enable quick evaluation of different options, static calculations for maximum heat transfer losses and peak load for cooling is calculated. The calculation of maximum heat transfer losses is carried out according to the equation defined in the SCNH definition of Net ZEB. A simplified method for calculation of peak load for cooling (P cool ), presented in Eq. (4), was developed and used in this case study.
Where Q i,light is internal heat gains due to electric light (W/m 2 ), Q i,eq is internal heat gains due to electric equipment (W/m 2 ) and Q solar is heat gains due to solar radiation calculated according to Eq. (5) (W/m 2 ).
Where A g is the area of glazing (m 2 ), g g is g-value of glazing (%), Q solar,g is intensity of solar radiation on window surface according to Eq. (6) (W) and A temp is conditioned area (m 2 ). By using the solar height, S h , at July 15th, the intensity of the solar radiation is calculated for different directions according to Eq. (6) and presented in Fig. 2 for different overhang angles.
Where F dir is shading correction factor for direct radiation (À), R dir is direct radiation from the sun (W) (assumed to be 800 cos (S h )), F dif is shading correction factor for diffuse radiation (À), R dif,sky is diffuse radiation from the sky (W) (assumed to be 100) and R dif,ground is diffuse radiation due to ground reflectance (W) (assumed to be 100).
If external screens are used, shading correction factors may be given by the manufactures or the suppliers. If fixed overhangs are used, shading correction factors may be calculated according to Eqs. (7) and (8). Maximum solar radiation is calculated by checking different azimuths/ directions of the sun, perpendicular to the different facades.
Where a is the overhang angle as defined in Fig. 2 (°) and S h is solar height (°). In addition to static calculations, simulations are carried out using IDA ICA 4.5 Beta (EQUA, 2012). Time-step for evaluation of import and export of energy was 15 min.
Description of case study
The studied building is a two-storey office building situated in the south of Sweden. The overall design concept may be described as two main buildings with double pitched roofs, connected by a smaller building with a flat roof. The smaller building serves as an entrance and reception. On the first floor, the facade facing south west is shaded by a fixed overhang, a = 60°. The gable walls on the "main buildings have fixed screens as solar shading, shading factor F All = 0.5. The smaller "entrance building" has glass facades. The glazing on the upper floor has a fixed overhang shading, a = 75°. The building has a geothermal heat pump system, with four heat pumps located at the building site. The heat pumps have variable speed compressors, enabling the system to adjust the speeds (and heat production) depending on the varying heating loads. Hence, the system eliminates energy losses caused by stopping and starting. Furthermore this enables the heat pumps to manage more than 100% of the estimated peak load. Free cooling is extracted from the bore holes during summer. Roof sides facing south west are equipped with PV panels. During summer, the PV panels are expected to export electricity to the grid. Input data for simulations and characteristics are presented in Figs. 3-5, and Tables  1 and 2 .
In addition to the base case, calculations and simulations for other options, described in Table 3 , are investigated
Results
Examining the construction design, sixteen potential thermal bridges were identified and calculated. All specific values for thermal bridges were increased by 10%, as input data for simulation, to account for any additional thermal bridges not identified (safety margin). The thermal bridges are presented in Fig. 6 . The thermal bridges increase the transmission heat transfer losses by 29%. In Fig. 7 , the relative impact of each identified thermal bridge is presented. The relative impact is calculated by multiplying the specific value of each thermal bridge with the specific quantity. As can be seen, roughly 50% of the transmission heat transfer losses through thermal bridges occur in junctions to the floor slab. A rather large share of the transmission heat transfer losses through thermal bridges also occur in junctions to windows.
To enable comparison of the static calculations and the dynamic simulations, the results from the calculations and simulations of peak loads for heating and cooling are presented together in Fig. 8 (left) . Also, the Net ZEB balances for the different options are presented (right).
Examining peak loads for heating and cooling, there are differences between the calculated and simulated results. Regarding peak load for heating, the simulations show a slightly higher peak load compared to the calculated value. This is likely due to that the lowest outdoor temperature in the simulation (À11.1°C) is lower compared to the calculated design temperature for heating (À9.2°C). The largest percentage difference within peak load for heating is within option six, where the heat exchange efficiency is increased. This could be due to that the peak loads appear at night when the ventilation is off, which affects the simulation but not the static calculation. Over all, comparing static calculations and simulations regarding peak load for heating, show rather small percentage differences; 1-11%. There are bigger differences comparing peak loads for cooling; 11-34%. The biggest differences are in options where large external overhangs are considered, option four and option eight. The percentage differences are 29% and 34%, respectively. In all other options, percentage differences vary between 11% and 17%. A better convergence may be reached by adjusting the simplified model, choosing a later day of the year to calculate the solar height and adjusting assumed intensity of the solar radiation.
The building as built, and all investigated options, outperforms the Net ZEB balance (Fig. 8 right) . Examining the import export/balance for the different options in Fig. 8 , it is hard to distinguish differences between the different options. This is due to the geothermal heat pumps which reduce the effects of the different investigated options. The effects of the different options are somewhat larger when investigating load/generation balance in the same figure.
There are no disparities in the difference between loadgeneration and import-export for each investigated option. This is due to that the simulations did not include modeling of hot water storage tanks. It is assumed that the consumption of electric energy for heat pumps simply is the heatand cooling loads divided by the specific COPs assumed for the system. More detailed modelling of the heat pumps and the hot water storage tanks would result in disparities.
Discussion and conclusions
Since this office was designed before there was a Swedish definition of Net ZEB; is it not surprising that all requirements within the Swedish Net ZEB definition are not fulfiled. However, this study shows that it is possible to reach the most important requirement in the Swedish Net ZEB definition, i.e. the Net ZEB balance, using existing technologies. The office building, as built, theoretically reaches the Net ZEB balance but does not fulfil the energy efficiency requirement regarding peak load for heating and U-values for windows set in the Swedish Net ZEB definition. To reach the requirement regarding peak load for heating all investigated options would have been needed to include.
A large share of the transmission heat transfer losses occur through thermal bridges (29%). This may be perceived as if the building has large thermal bridges. This is not the case. The thermal bridges account for a relatively large share primarily due to that all building elements have a high heat resistance. However, thermal bridges occurring in junctions related to the floor slab and windows could have been better designed. The footings around the floor slab perimeter and underneath the interior load bearing walls could have been fitted with insulation underneath and on the exterior side. The reason for not mounting insulation around the footings is most likely due to structural design; the risk of settling is low when no insulation is used. However, there are insulation products on the market that may handle/carry large loads, e.g., Foamglas
Ò (Foamglas, 2013) and XPS, extruded polystyrene boards, (Sundolitt, 2013) . The specific value of the thermal bridge due to window embrasures is relatively low. The high relative impact is due to the large quantity. So even if the specific value is low some extra attention should have been given to the junction between external wall and window. The thickening of the interior concrete construction could probably be reduced in order to further reduce the thermal bridge.
Examining the impact of the different options; three options have a slightly larger impact on the energy demand of building. Hence, the following recommendations could be given if the building still was in the design phase, or was to be redesigned: figure) and cooling (blue, upper right in figure) , static calculations vs. dynamic simulations. Right; weighted supply and weighted demand. Import/export balance (orange, lower left) and load/generation balance (green, upper right) are presented.
Investigate whether it is feasible to further improve the heat resistance of building elements, i.e., investigated option seven; all building elements, excluding windows and glazing; 0.11 W/m 2 K including thermal bridges, reduced the energy demand by 13%. Try to improve the air tightness. Make sure to carry out early air tightness tests, to identify potential improvements, and to test the building as built, i.e. investigated option five; air permeability (q 50 /n 50 ) 0.15 l/s, m 2 / 0.5 hÀ1 , reduced the energy demand by 6%. Investigate if it is possible to install windows with lower U-value, i.e., investigated option one; windows and glazed entrance, Uw; 0.80 W/m 2 K, reduced the energy demand by 2%.
It shall be noted that the Swedish Net ZEB definition excludes energy used for plug loads. To ensure low costs related to energy use during operation; all measures that may reduce the use of electricity should be investigated.
After testing the Swedish Net ZEB definitions some points may be made. The physical boundary is rather clear. To further enhance the clearness, the definition could refer to the building site as the physical boundary, if that is what is intended, instead of referring to the Swedish building regulations.
The Balance boundary is also rather clear. A complementary reference to the Swedish building regulations could be the reports published by SVEBY (SVEBY, 2011), which clarify and interpret the Swedish building regulations. E.g. the Swedish building regulations do not specifically give guidance regarding whether energy for elevators are included in the balance boundary, but SVEBY does.
Regarding Boundary conditions; the design temperatures which shall be used to calculate the peak load for heating are well defined. Input data for simulations could be further clarified, both regarding interior and exterior boundary conditions. However, there are many factors affecting the result of an energy simulation. It may be more suitable to specify a report template or to develop a simple tool to verify the energy performance. Preferably it could be an upgrade of the existing tool; Energihuskalkyl (Aton Teknikkonsult AB, 2009).
The Net ZEB definition uses the terms import and export on a yearly basis. Hence there is no actual need to clarify the Type of balance. However, since there are no defined input data in short time steps, it may be more suitable to use load/generation balance, i.e., the annual energy needed and the annual energy generated.
If load/generation balance is introduced there may be a need to specify how to calculate/consider on-site generation that does not have the ability to export excess energy, e.g., solar thermal collectors producing heat for domestic hot water.
There are today no requirements regarding Temporal energy match characteristics. A future update of the Swedish Net ZEB definition may include these. If these should be included, further studies should be made in collaboration with stakeholders representing the Nordic energy infrastructure. As an alternative to Temporal energy match characteristics quasi-static or dynamic weighting factors could be used.
This study also presents a simplified method for calculations of peak loads for cooling. The method could be improved and used as a method to estimate peak loads for cooling in early design phases.
The Swedish Net ZEB definition was not available when this building was designed and constructed. All investigated options would have been able to implement except for the requirement on U-values for windows and glazing. To be able to meet that specific requirement, changes in the architectural design would have been required. From a design perspective it is always important to consider measures for energy efficiency before aiming at a Net ZEB Balance. Net ZEB office buildings may not need the same requirements on energy efficiency as residential buildings due to the rather high internal heat gains. The energy efficiency is likely to be optimised anyway due to market principles: it is very costly to construct a Net ZEB that is not first of all an energy efficient building.
